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Abstract
Background Mitral annulus assessment is of
great importance for the diagnosis and treatment
of mitral valve disease. The present study sought
to assess the value of real-time three-dimensional
echocardiography for the assessment of true
mitral annulus diameter (MAD).
Methods One hundred and fifty patients (mean
age 38 ± 18 years) with adequate two-dimen-
sional (2D) echocardiographic image quality
underwent assessment of MAD2D and MAD3D
(with real-time three-dimensional echocardiogra-
phy). In a subgroup of 30 patients true MAD was
validated with magnetic resonance imaging
(MRI).
Results There was a good interobserver agreement
for MAD2D (mean difference = –0.25 ± 2.90 mm,
agreement: –3.16, 2.66) and MAD3D (mean differ-
ence = 0.29 ± 2.03, agreement = –1.74, 2.32).
Measurements of MAD2D and MAD3D were well
correlated (R = 0.81, P < 0.0001). However,
MAD3D was significantly larger than MAD2D
(3.7 ± 0.9 vs. 3.3 ± 0.8 cm, P < 0.0001). In the
subgroup of 30 patients with MRI validation,
MAD3D and MADMRI were significantly larger
than MAD2D (3.3 ± 0.5 and 3.4 ± 0.5 cm vs.
2.9 ± 0.4 cm, both P < 0.001). There was no sig-
nificant difference between MADMRI and
MAD3D.
Conclusion MAD3D can be reliably measured
and is superior to MAD2D in the assessment of true
mitral annular size.
Keywords Mitral annulus  Real-time
three-dimensional echocardiography  Magnetic
resonance imaging
1 Introduction
The mitral annulus (MA) is a vital component of
the mitral valve apparatus and plays a crucial role
in left ventricular and left atrial function [1]. The
MA marking the hinge line of the mitral valve
leaflets is more D-shaped than circular as por-
trayed by prosthetic rings. The straight border
accommodates the aortic valve allowing this valve
to be wedged between the interventricular sep-
tum and the mitral valve. Although the term
annulus implies a solid ring-like fibrous cord to
which the leaflets are attached, this is not the case
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[2]. Therefore, some authors used the term
‘‘aortoventricular membrane’’ instead of MA, to
emphasize that there is an extension of this
fibrous cord into the subvalvular region [3]. MA
assessment is of great importance for the diagno-
sis and treatment of mitral valve disease. MA
dilatation is one of the main mechanisms for
development of mitral regurgitation and selection
of the optimal individual therapy for mitral
regurgitation depends on MA size and function
[4, 5]. This has been studied in both animals and
humans using echocardiography, sonomicrometry
and magnetic resonance imaging (MRI) [6–11].
The present study aimed to assess true MA
diameter (MAD) by comparing two-dimensional
echocardiography (2DE), real-time three-dimen-
sional echocardiography (RT3DE), and MRI as
gold standard.
2 Patients and methods
The study included 150 patients (Table 1)
randomly selected from our 3D database that
included relatively young patients in sinus rhythm
(mean age 38 ± 18 years) with adequate 2DE
image quality. Age, gender, weight and height of
all patients were recorded and body surface area
was calculated by the standard formula
(weight0.425 in kilograms · height0.725 in centime-
ters · 0.007184). In all patients, 2DE and RT3DE
were performed.
2DE was undertaken with the patient lying in
the left lateral decubitus position using both
apical and parasternal views. 2DE studies were
performed using a 3.5 MHZ probe and a com-
mercially available ultrasound system (Philips
Sonos 7500, Best, The Netherlands). The follow-
ing measures were obtained: (1) MA diameter
(MAD2D) obtained from an apical 4-chamber
view at end-diastole (just before mitral valve
closure), and (2) MAD index (MADI2D) calcu-
lated as MAD2D/body surface area.
RT3DE was done with the same ultrasound
system attached to a X4 matrix array transducer
capable of providing real-time B-mode images. A
full volume 3D data set was collected within
approximately 5–10 s of breath holding in full
volume mode from an apical window. The 3D
data set was stored digitally and transferred for
off-line analysis with TomTec software (Un-
terschleissheim, Munich, Germany). Two blinded
observers (AMA, OIIS) subsequently evaluated
all data. Data analysis of 3D images was based on
a 2D approach relying on images obtained
initially from the apical view. The MA was sliced
between two narrow lines to exclude other tissue
on the 2D image leading to clarification of the
MA in the 3D image. The 3D image of the MA
was viewed and traced from the ventricular
aspect. Manual tracing of the inner border of
the MA was done and once this was completed
the surface area was automatically delineated and
could be visualized from different points of views.
The following RT3DE data were obtained: (1)
end-diastolic MAD3D defined as the perpendicu-
lar line drawn from the top of the MA curvature
to the middle of the straight MA border (see
Fig. 1), (2) end-diastolic MA area (MAA3D), (3)
MAD3D index (MADI3D) calculated as MAD3D/
body surface area, and (4) MAA3D index
(MAAI3D) calculated as MAA3D/body surface
area.
Normal values for MAD2D, MAD3D,
MADI3D, MAA3D, and MAAI3D were estab-
lished in 25 patients without apparent left-sided
heart disease (defined as normal left atrial and
ventricular dimension and function with normal
mitral valve function).
In a non-selected group of 30 patients, MRI
was performed with a 1.5 T MRI (General
Electric, Signa 1.5 T MRI, Milwaukee WI)
equipped with a for-element cardio coil. An
ECG-triggered, steady state, free-precession
sequence (FIESTA; repetition time and time of
echo of 3.5 and 1.4 ms, respectively, 12 shots,
temporal resolution of 42 ms, flip angle of 45)
was used for quantitative analysis. Ten cine short
Table 1 Clinical categorization of patients (n = 150)
Category N (%)
Normal 52 (34%)
Congenital heart disease 48 (32%)
Ischemic heart disease 20 (14%)
Valvular disease 20 (14%)
Cardiomyopathy 10 (6%)
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axis slices were acquired (slice thickness 8 mm,
gap 2 mm) covering the heart from the base to
the apex. Additional imaging parameters were a
field of view of 320–380 mm and a matrix of
160 · 128. Quantitative measurements were per-
formed using standardized Dicom viewing soft-
ware on the basal slice demonstrating the mitral
valve annulus in end-diastole. MADMRI was
defined as described before in the RT3DE section
(see Fig. 1).
2.1 Statistical analysis
All data obtained by 2DE, RT3DE, and MRI
were presented as mean ± SD. Data analyses
were performed using statistical software (SPSS,
version 12.1, SPSS Inc, Chicago). A paired sample
t-test was performed to compare between means
of variables of techniques. The difference in
values was considered statistically significant with
the level of P < 0.05. Pearson’s coefficient was
used for correlation between variables. Interob-
server and intraobserver agreements were as-
sessed for MAD2D and MAD3D in the first 100
patients and expressed according to the Bland
and Altman method [12].
3 Results
Acquisition and post-processing of RT3DE
data were performed successfully in all
patients within a reasonable time (approxi-
mately 1 min for acquisition and 5 min for
data analysis). The MA was clearly delineated
in all patients and, as seen in Fig. 1, its shape
was not circular but D-shaped, both in normal
sized and in dilated MA. As seen in Fig. 2, in
the total group of 150 patients, measurements
of MAD2D and MAD3D were well correlated
(R = 0.81; P < 0.0001). However, MAD3D was
significantly larger than MAD2D (3.7 ± 0.9 vs.
3.3 ± 0.8 cm, P < 0.0001).
3.1 Surgical validation
In three patients referred for mitral valve
repair, MAD3D matched with MAD measured
by the surgeon (who was blinded to MAD3D
measurement) while MAD2D assessed by pre-
operative transthoracic 2DE and intraoperative
transesophageal echo was smaller than the
surgical measurement.
Fig. 1 Real-time three-
dimensional
echocardiographic images
from the ventricular
aspect of normal (A, top
left) and dilated (B, top
right) mitral annulus
morphology. The D-
shaped morphology can
be clearly appreciated, as
confirmed by the
magnetic resonance
images (C, D bottom) the
straight border of D is
anterior and the curvature
is posterior. In all figures
the white line indicates
mitral annular diameter
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3.2 MRI validation
In the subgroup of 30 patients who underwent
2DE, RT3DE, and MRI, the D-shaped MA was
confirmed by the MRI images (Fig. 1D). As seen in
Fig. 3, MAD2D, MAD3D, and MADMRI were well
correlated. MAD3D and MADMRI were signifi-
cantly larger than MAD2D (3.3 ± 0.5 and
3.4 ± 0.5 cm vs. 2.9 ± 0.4 cm, both P < 0.001).
There was no significant difference between
MADMRI and MAD3D. Also, there was no signif-
icant difference between MAA3D and MAAMRI
(Table 2).
3.3 Normal RT3DE values
Normal values assessed in patients without appar-
ent left-sided heart disease were 2.5 ± 0.5 cm for
Fig. 3 Correlations and
interobserver agreements
of mitral annulus
diameter as measured by
two-dimensional and
three-dimensional
echocardiography
Fig. 2 Correlation
between two-dimensional
and three-dimensional
echocardiographic mitral
annulus diameter
measurements in 150
patients (A), and in
subgroup of 30 patients
(B–D) that underwent
magnetic resonance
imaging
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MAD2D, 2.8 ± 0.6 cm for MAD3D, 1.5 ± 0.3 cm/
m2 for MADI3D, 8.1 ± 2.4 cm
2 for MAA3D, and
4.3 ± 0.8 cm2/m2 for MAAI3D.
3.4 Interobserver and intraobserver
agreements
As seen in Fig. 3, there was a good interobserver
agreement for MAD2D (mean difference =
–0.25 ± 2.90 mm, agreement:–3.16, 2.66) and
MAD3D (mean difference = 0.29 ± 2.03 mm,
agreement = –1.74, 2.32). Likewise, there was a
good intraobserver agreement for MAD2D (mean
difference = –0.23 ± 2.28 mm, agreement = –2.51,
2.05) and MAD3D (mean difference = –0.10 ±
3.00 mm, agreement = –3.10, 2.92).
4 Discussion
Assessment of MA size is an important issue in
patients with mitral valve disease. An increase in
MAD results in reduced mitral valve leaflet
coaptation and thus an increase in the incidence
and severity of mitral regurgitation [13, 14].
Reduction in MAD is an essential element in
mitral valve repair and prevention of regurgita-
tion not only in organic mitral valve disease, but
also in ischemic mitral regurgitation [15, 16].
Accurate assessment of MAD is crucial for the
selection of a proper sized prosthetic ring, percu-
taneous annuloplasty device or stented valve
implantation [17–19]. The current study showed
that in patients with adequate 2DE image quality,
the MA could be well visualized from the
ventricular (and atrial) aspect with RT3DE.
MAD3D could be reliably measured with
excellent inter- and intraobserver agreements.
The main finding in our study was a significant
underestimation of true MAD by MAD2D as
evidenced by MAD3D and MADMRI measure-
ments. Because of the relatively fixed MA
trigone, changes in MAD size (regardless whether
these are due to cyclic changes in the heart cycle
or to a pathological process such as left ventric-
ular dilatation) [7] occur mainly along the axis
represented by the perpendicular line drawn from
the top of the MA curvature to the middle of the
straight MA. As seen in Fig. 4, it is this MAD that
we measure with RT3DE, whereas with 2DE an
underestimated MAD is measured. MAD3D and
MADMRI were well correlated with no significant
difference in between these measurements. The
underestimation of true MAD may explain the
frequently encountered discrepancy between pre-
operative MAD2D assessment and implanted
ring-prosthesis size [20]. Because of the limited
information available in the literature we assessed
normal MAD and MAA in patients without
apparent left-sided heart disease. With variable
methods available for MAA measurements, the
definition of normal MAA is quite variable,
probably caused by the complex geometry of
the MA. MAA2D measurements in other studies
[9, 21] ranged from 6.9 ± 0.8 to 12.2 ± 3.8 cm2. In
two recent, very small studies (with 10 and 7
subjects, respectively) [7, 22], normal transesoph-
ageal assessed MAA3D values were
11.8 ± 2.5 cm2 and normal MAAMRI values were
9.5 ± 1.4 cm2. MAA values in fresh human
Fig. 4 RT3DE and 2DE (dashed line) measurement of
mitral annulus diameter. AMVL—anterior mitral valve
leaflet; PMVL—posterior mitral valve leaflet
Table 2 Comparison between RT3DE and MRI mea-
surements
RT3DE MRI
Diastolic MAA (cm2) 8.7 ± 2.9 9.0 ± 2.3
Diastolic MAAI (cm2/m2) 4.7 ± 1.8 4.8 ± 2.0
Diastolic MAD (cm) 3.3 ± 0.5 3.4 ± 0.5
Diastolic MADI (cm/m2) 1.8 ± 0.5 1.8 ± 0.7
Abbreviation: MAA—mitral annulus area; MAAI—mitral
annulus area index; MAD—mitral annulus diameter;
MADI—mitral annulus diameter index
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autopsy specimens [23] ranged from 6.4 to
8.2 cm2. In our study, MAA3D in normal subjects
was 8.1 ± 2.4 cm2 or (4.3 ± 0.8 cm2/m2) when
corrected for body surface area.
4.1 Study limitations
The study excluded patients with bad image
quality and/or in non-sinus rhythm because
RT3DE is totally dependent on 2D images and
the analysis of full volume mode will not be
achieved with variable heart rate. Another limi-
tation was that the surgical measurements of
MAD were obtained only in three cases.
5 Conclusion
MAD3D can be reliably measured in patients with
adequate image quality and is superior to
MAD2D in the assessment of true MA size.
Normal values for MAD3D are 2.8 ± 0.6 cm (or
indexed for body surface area 1.5 ± 0.3 cm/m2)
and for MAA3D 8.1 ± 2.4 cm
2 (or indexed for
body surface area 4.3 ± 0.8 cm2/m2)
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